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PROCESS FOR DIRECT SEQUENCING DURING TEMPLATE AMPLICATION 
5 Bftclcground of the Tttventmn 

DNA Sequencing 

Current kno^^edge regarding gene stiucture. the control of gene activity 
and the function of cells on a molecular level all arose based on the detenranatton of the 
10 base sequence of mOCons of DNA moieodes. DNA sequendng is st2l cridcally 
important in researdi and for genetic therapies and diagnostics, (e.g., to verify 
recombinant dones and mutations). 



DNA, a polymer of deoxyribomicleotides, is found in all living cells and 
1 S some vinises. DNA is the carrier of genetic information, whidi is passed from one 

generation to the next by homologous replication of the DNA molecule. Information for 
the synthesis of all protems is encoded in the sequence of bases in the DNA 

To obtain the genetic information and therefore to reveal the base 
20 sequence of a given DNA molecule, chemical and en2ymatic sequencing methods have; 
been developed. DNA-sequendng as proposed by Maxam-Gilbert (Maxam, AM., W. 
Gilbert, Proc. Natl. Acad Set. USA, 74:560-564 1977) is a chemical method of 
determining base composition of a nucleic add molecule. A single stranded DNA 
molecule with radioactive label at its 5' end is chemically oKxfified in four base specific 
25 reactions and then cleaved at the modified positions. The cleavage products are 
separated on a polyaoylamide gel and typically are detected by autoradiography. 

Currently fiivored is the enzymatic diain temunation reaction according to 
the Sanger-sequendng method (Sanger, F. et al., Proc. Natl. Acad. Sd. USA, 74:5463- 
30 5467 1977). In the Sanger m^hod, the four base spedfic sets of DNA firagments are 

formed by starting mth a primei/template system elongating the primer into the unknown 
DNA sequence area and thereby copying the template and ^thesizing complementaiy 
strands using a DNA polymerase in the presence of chain*terminattng reagents. The 
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chatn*tenntnattng event is achieved by incorporating into the four sqjarate reaction 
mixtures in addition to the four noirnal deoxynucleoside triphosphates, dATP, dGTP. 
dTTP and dCTP, only one of the chain-terminating dideoxynucleoside triphosphates. 
ddATP, ddGTP, ddTTP or ddCTP, respectively, in a limiting small concentration. The 
5 incorporation of a ddNTP lacking the 3' hydroxyl function into the growing DNA strand 
by the enzyme DNA polymerase leads to dxain termination through preventing the 
formation of a 3 -5'-phosphodiester bond by DNA polymerase. Due to the random 
incorporation of the ddNTPs, each reaction leads to a population of base spedfic 
terminated fragments of different lengths, which all together rqiresent the sequenced 
10 DNA-molecule. 

A recent modification of the Sanger sequencing strata involves the 
degradation of phosphorothioate-containing DNA fiagments obtained by uang alpha- 
tfaio dNTP instead of the normally used ddNTPs during the primer extension reaction 

15 mediated by DNA polymerase ^.abdt ei aL^ miA 1 173-177 (1986); Amersham, 
PCT-Application GB86/00349; Eckstein eiaL. Nucleic Add^^Ri.^ 1^ 9947 (1988)). 
Here, Uie four sets of base-spedfic sequencing ladders are obtained by limited 
digestion with exonudease m or snake venom phosphocfiesterase, subsequent 
separation on PAGE and visualization by radioisotopic hiding of dther the primer or 

20 one of the dNTPs. In a fiuthcr modification, the base-spedfic cleavage is achieved by 
alkylating the sulphur atom in the modified phosphodiester bond followed by a heat 
treatment (Max-Planck-Gesellschaft, DE 3930312 Al). 



DNA Amplification 

25 DNA can be amplified by a variety of procedures including cloning 

(Sambrook et al., Molecular Cloning : A Laboratory Manual, Cold Spring Haitor 
Laboratory Press, 1989), polymerase chain reaction (PCR) (C.R. Newton and A. 
Graham, PCR, BIOS Publishers, 1994), Hgase chain reaction (LCR) (F. Barany Proc. 
Natl Acad, Sci USA 88, 189-93 (1991), strand displacement amplification (SDA) (G. 

30 Terrance Walko- et al.» Nucleic Acids Res. 22, 2670-77 (1994)) and variations such as 
RT-PCR« allde-spedfic ampHfication (ASA) etc. 



W097/4Z34S 



PCT/DS97/07966 



-3 



The polymerase chun reaction (K&iIUs. K. et al.. Mohods EnQonol.. 
155:335-350 1987) permhs the selective in vitro amplification ofa particular DNA region 
byratmicldngtliephcnomenaofinvivoDNArepfication. Required reaction components 
are single stranded DNA. primers (oligonucleotide sequences complementary to the 5« 
and 3- ends pf a defined sequence of the DNA template), deoxymicleotidetriphosphates 
and a DNA polymerase enzyme. Typically, the single stranded DNA is generated by heat 
denaturationofprovided double strand DNA. The reaction buffer contain magncshmi 
ions and co-solvents for optimum enzyme stability and activity. 

The amplification results firom a repetiuon of such cycles in the foUowing 
manner: The two different primers, which bind selectively each to one of the 
complementaiy strands, are extended in the first cycle of ampUficatioa Each newly 
synthesired DNA then contains a binding site for the other primer. Theretbrc each new 
DNA strand becomes a temptete for any fiirther cycle of amplification enlarging the 
template pool fiom cyde to cycle. Repeated cycles theoretically lead to exponential 
synthesis ofa DNA-firagment with a length defined by the 5' termini of the primer. 

Initial PGR experiments used thennolabile DNA polymerase. However, 
thermolabile DNA polymerase must be continuaUy added to the reaction mbcture after 
each demtturation cycle. M«yor advances in PGR practice were the development of a 
polymerase, which is stable at the near-boQing temperature (Saild. R. et aL, Science 
239:487-491 1988) and the development of automated thermal cyders. 

The discovery of thermostable polymerases also aUowed modification 
of the Sanger sequendng reaction with significam advantages. The polymerization 
reaction could be carried out at high temperature with the use of thennostable DNA 
polymerase in a cyclic manner (cyde sequendng). The conditions of the cydes are 
similar to those of the PGR technique and comprise denaturation, annealing, and 
octension steps. DqHsnding on the length of the primers only one anneaOng step at the 
beginning ofthe reaction may be suffident. Canying out a sequencing reaction at 
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lugh temperature in a qrclic manner provides the advantage that each DN A strand can 
serve as template in every new cycle of extension wfaidi reduces the amount of DNA 
necessary for sequendng, xhcrdby providing access to minima] volumes of DNA, as 
well as resulting in improved specificity of primer hybridisation at higher temperature 
S and the reduction of secondary structures of the template strand. 

However, amplification of the terminated fi:agments is linear in 
conventional cycle sequencing approaches. A recently developed method, called 
semi-exponential cyde sequencing shortens the time reqiured and increases the extent 

10 of amplification obtained firom conventional cycle sequencing by using a second 
reverse primer in the sequencing reaction. However, the reverse primer only 
generates additional template brands if it avoids beitig tenninated prior to reaching the 
sequencing primer binding site. Needless to say, terminated fi:«gmeats generated by 
the reverse primer can not serve as a sufiScient template. Therefore^ in practice, 

IS amplification by the senuHSxponential approach is not entirely exponen (Sarkat,G. 
and Bolander Mark E., Semi Exponential Cyde Sequencing Nuddc Adds Reseaidi, 
1995, Vol. 23, No. 7, p. 1269-1270). 

As pointed out above, current nuddc add sequendng methods require 
20 rdativety large amounts (typically about 1 g) of highly purified DNA template. Often, 
however, only a small amount of template DNA is available. Although amplifications 
may be performed, amplification procedures are typically time consuming, can be limited 
in the amount of amplified template produced and the amplified DNA must be purified 
prior to sequendng. A streamlined process for ampEiyiiig and sequendng DNA is 
25 needed, particularly to facilitate highthroughput nuddc add sequendng. 

Summary of the Invention 



30 



In general, the instant invention provides a one-step process for 
generating from a DNA template, base specifically terminated firagments of suffident 
quantity to enable DNA sequendng. 
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According to the process of the invention, a combined amplification and 
termination reaction is performed using at least two different polymerase enzymes^ each 
having a different aflSnsty for the chain terminating nucleotide, so that polymerization by 
S an en^me with relatively low affinity for the diain tenninating nucleotide leads to 
exponential amplification whereas an enryme with relatively high affinity for the chain 
temunating nucleotide terminates the polymerization and yields sequencing products. 

In another aspect, the invention features kits for direcdy amplifying 
10 nucldc add templates and generating base specifically terminated Augments. In one 
embodiment, the kit can comprise an appropriate amount of: i) a complete set of chain- 
elongating nudeotides; ii) at least one chain*terminating nudeotide; (tit) a first DNA 
polymerase, v^iich has a rdatively low affinity towards the chain tenninating nudeotide; 
and (iv) a second DNA polymerase, which has a relativdy high affinity towards the chain 
1 S temunating nucleotide. The kit can also optionally indude an appropriate primer or 
primers, ^propriate buffers as wdl as insttuctions for use. 

The instant invention allows DNA amplification and termination to be 
performed in one reaction vessd. Due to the use of two polymerases with Afferent 

20 affinities for dideoxy nudeotide triphosphates, exponential amplification of the target 
sequence can be accomplished in combination with a temunation reaction nudeotide. In 
addition, the process obviates tise purification procedures, which are required when 
amplification is perfi^rmedsqianttdyfi-om base tenninsUedfiragn^ Further, 
the instant process reqmres less time to accomplish than separate amplification and base 

25 spedfic termination reactions. 

When combined ^h a detection means, the process can be used to detect 
and/ or quantitate a particular nuddc add sequence where only small amounts of 
template are available and fast and accurate sequence data acquisition is desirable. For 
30 example, when combined with a detection means, the process is useful for sequencing 
unknown genes or other nuddc add sequences and for diagnosing or monitoring certain 
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diseases or conditions, such as genetic diseases, chromosomal abnonna&ties, genetic 
predispositions to ceitain diseases (e.g. cancer, obesity, aftherosderosis) and pathogenic 
(e.g« bacterial, viral, fimgal, protistal) infections. Further, when double stranded DNA 
molecules are used as the starting material, the instant process provides an opportunity to 
S simultaneously sequence both strands, therd)y providing greater certainty of the sequoice 
data obtained or acqiming sequence information from both ends of a longer template. 

The above and further features and advanUgcs of the instant invention 
\^ becpnie clearer from the following Detailed Description and Claiins. 

10 

Brief Pcscription of the Figures 

FIGURE 1 shows sequence data from an ABI-Prism automated sequencer 
(Model 373 A) using a pOM8 derived recombinant plasmid with a 400 base pair (BP) 
IS insert from the rmB gene of K colt as the template in the reaction described in the 
following Example 1 . The figure shows a rdiable sequence readable to about 440 BP 
which is the length of the PGR product. 

FIGURE 2 shows sequence data from an ABI*Prism automated sequencer 
20 (Model 373A) again uang the pOMS derived recombiiumt plasmid with a 400 BP insert 
of from the rmB gene of £ co/i. However, because the sequencing reaction was carried 
out using standard sequencing protocols on a small amount of template (SOng), no 
rdiable sequence was obtuned. 

2S FIGURE 3 is a schematic of a combined amplification and sequendng 

reaction using two polymerases and dye«iabeled dideo^^udeotide triphosphate for 
detection and two reverse oriented primers. 

FIGURE 4 is a fluorescent chromotagram plot of a forward sequence ladder 
30 generated in a »multaneous amplification and sequendng reaction. 



FIGURE 5 is a fluorescent chromatogram plot of a reverse sequence ladder 
generated in a simultaneous amplification and sequencing reaction. 
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Detailed Description of the Invention 

In general, the invention features a process for directly amplifying and 
base specifically terminating a nucleic add molecule. According to the process of the 
S invention, a combined amplification and tennination reaction is performed on a nudeic 
add template using: i) a complete set of chain-dongating nucleotides; ii) at least one 
chain*tenninating nudeotide; and (iii) a first DNA polymerase, which has a relatively low 
affinity towards the chain tenninatfaig nudeotide; and (iv) a second DNA polymerase, 
which has a rdatively high affimty toward^ the chain tenninating nudeotide, so that 
10 polymerization by the enzyme with reladvdy low affimty for the chain terminating 

nudeotide leads to amplification of the template, whereas the enzyme with relativdy high 
affinity for the chain terminating nudeotide terminates the polymerization and yidds 
sequencing products. 

15 The combined amplification and sequendng can be based on any 

amplification procedure that employs an enzyme with polynudeotide synthetic ability 
(e.g. polymerase). One preferred process, based on the polymerase chain reaction 
(PCR), is comprised of the foliowixig three thermal steps: 1) denaturing a double 
stranded (ds) DNA molecule at an appropriate temperature and for an appropriate period 

20 of time to obtain the two single stranded (ss) DNA molecules (the template: sense and 
antisense strand); 2) contacting the ten4)late with at least one primer that l^ridizes to at 
least one ss DNA template at an appropriate temperature and for an appropriate period 
of time to obtain a primer contmning ss DNA template; 3) contacting the primer 
containing template at an appropriate temperature and for an appropriate period of time 

25 with: (i) a complete set of chain dongadng nudeotides, (ii) at least one chain terminating 
nudeotide, 0^0 & DNA polymerase, which has a relativdy low affinity towards the 
chain terminating nudeotide; and (iv) a second DNA polymerase, which has a relativdy 
Mgh affinity towards the chain termiiuiting nudeotide. 



30 



Steps 1)- 3) can be sequential^ performed for an appropriate number of 
times (cycles) to obtain the deared amount of amplified sequencing ladders. The 
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quantity of the base specifically tenniiiated fragment desited dictates how many cydes ai 
perfonned. Although M increased numb« of q«cles resirits in an increase 
amplification, it may also detract from the sensitivity of a subsequent detection. It is 
therefore generally undesirable to peifonn more than about 50 ^des. and is nraie 
5 preferable to perform less than about 40 <^es(e.g. about 20-30 cycles). 

In a prefiared embodunent. the first denaturation step is perfonned at a 
temperature in the range of about 8S-C to about 100^ (most preferably about 9rc to 
about 96rC) for about 20 seconds (s) to about 2 minutes (most preferably about 30s- 1 

10 minute). The second hybridization step is preferably perfonned at a temperature, which 
is in the range of about 40^ to about 80^ (most preferably about 45»C to about 7TC) 
fi>r about 20s to about 2 minutes (most preferably about 30s- 1 minute). The third, 
primer extension step is preferably performed at about 65"C to about 80X (most 
preferably about 70^ to about 74«C) for about 30 s to about 3 minutes (most preferably 

IS about 1 to about 2 mbuites). 



In order to obtain sequence information on both the sense and anriggntff 
strands of a DNA molecule simultaneously, each of the angle stranded sense and 
antisense templates generated from the denaturing step can be contacted with appropriate 
20 primers in st^ 2), so that amplified and chiun teniunated nucleic add molecules 
generated in step 3X are complementary to both strands. 



Another preferred process for sinudataneousty anq>iifying and duun 
temunating a nuddc add sequence is based on strand displacement amplification (SDA) 

25 (G. Tenance Walker et al., Nudeic Adds Res. 22, 161fy.TI (1994); European Patent 
PubHcatten Number 0 684 315 entitled Strand Di^lacement Amplification Using 
Therm<^ittc Enzymes ). In essence, this process involves the following three stqis, 
which ahogether comprise a cyde: 1 ) denaturing a double stranded (ds) DNA molecule 
containing the sequence to be amplified at an appropriate temperature and for an 

30 appropriate period of time to obtun the two sbgle smmded (ss) DNA molecules (the 
template: sense and antisense strand); 2) contacting the tenq)late with at least one primer 
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(P). that contains a recognition/deavage site for a restriction cndomiclease (RE) and that 
hybridizes to at least one ss DNA template at an appropriate temperature and for an 
appropriate period of time to obtain a primer containing ss DNA template; 3) contacting 
the primer contaming template at an appropriate temperature and for an appropriate 
period of time with: CO a complete set of chain elongating nucleotides; (it) at least one 
chain temiinating nucleotide^ 0") a first DNA polymerase, which has a lelativdy low 
aflBnity towards the chain tenninating nucleotide; Ov) a second DNA polymerase, which 
has a relativdy high aflfinity towards the chain tenmnating nucleotide; and v) an RE that 
nicks the primer recognition/deavage site.. 

Steps 1) . 3) can be sequentiaUy performed for an appropriate numbtf of 
times (cydes) to obtain the desired amount of amplified sequencing ladders. As with the 
PCR based process, the quantity of die base specifically terminated fragment desired 
dictates how many cydes are performed. Preferably, less than 50 cydes, more preferably 
less than about 40 cydes and most preferably about 20 to 30 cydes are performed. 

The amplified sequencing ladders obtained as described above, can be 
separated and detected and/or quantitated using wdl established methods, such as 
polyacrylamidc gd dectrophoresis (PAGE), or capillary zone dectrophoresis (CZE) 
(Jorgenson ei aL, J Chromatography 252. 337 (1986); Gestdand e/ a/., 
Nucicig Acids Rci^ 18, 1415-1419 (1990)); or direct blotting dectrophoresis (DBE) 
(Beck and Pohl. EMBOJ., vol. 3: Pp, 2905-2909 (1984)) in conjunction wiUi. for 
example, colotimetiy» fluorimetry, chemiluminescence and ladioactivity. 

Dye-tcrminator chemistry can be employed in the combined amplification 
and sequencing reaction to enable tiie simultaneous generation of forward and reverse 
sequence ladders, ^^ch can be separated based on the streptavidin-faiotin system when 
one biotinylated primer is provided. 

Figure 3 depicts a scheme for the combined ampUfication and sequendng 
using two polymerases and dye-labded chain terminating nucleotide (ddNTP) for 
detection and two reverse oriented primers. A means of separation for Uie 
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simultaneously generated forward and reverse sequence ladders is shown. Step A 
rq^resents the exponential amplification of a taiiget sequence by the polymerase with a 
low aflSnity for ddNTPs. One ofthe sequence specific oligonucleotide primers is 
biotifiylated. Step B represents the generation of a sequence ladder dther fitrni the 
S original template or the amultaneously generated amplification product carried out by the 
polymerase with a high affinity for ddNTPs. After completion ofthe reaction^ the 
products are incubated with a strcptavidin coated solid support (Step C). Biotniylated 
forward sequoidng products and reverse products hybridized to the forward template 
are imirobilized. In order to obtain readable sequence information, the forward and 

10 reverse sequence ladders are separated m Step D. The immobilized strands are washed 
and separated by denaturation with ammonium hydroxide at room temperature. The 
non-biotinylated reverse sequendng products are removed fi-om the beads with 
ammonium hydroxide supernatant during this procedure. The biotiitylated fiirward 
sequendng products remain immobilized to the beads and are re-sohibilized with 

IS ammorium hydrosdde at After ethanol predpitation, both sequencing spedes can 
be resuspended in loading dye and run on an automated sequencer, for example. 

When mass spectrometry is used in conjunction with the direct 
amplification and duun teraunation processes, the sequencing ladders can be (tirectly 

20 detected without first bdng sqparated uang several mass spectrometer formats. 

Amenable formats for use in the invention include ionization techniques such as matrix- 
assisted laser desoiption (MALDI), continuous or pulsed dectrospray (ESI) and rdated 
methods (e.g. lonspray or Thennospray), and massive duster impact (MSI); these ion 
sources can be matched with a detection format, such as linear or reflectron time-of-flight 

25 (TOF), single or multiple quadnipole, single or multiple magnetic sector, Fourier 

Transfonn ion cydotron resonance (FTICR), ion trap, or combinations of these to ^ve a 
hybrid detector (e.g. ion trap-TOF), For ionization, numerous matrix/wavelength 
combinations (MALDI) or solvent combinations (ESI) can be employed. 

30 The above*de$cribed process can be performed using virtually any nuddc 

acid molecule as the source of the DN A template. For example, the nuddc add 
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molecule can be: a) single stranded or double stranded; b) linear or covalently dosed 
circular in supercoiled or relaxed fonn; or c) RNA if cond>ined with reverse transcr^)tion 
to generate a cDN A. For example, reverse transcription can be performed using a 
suitable reverse transcriptase (e.g. Moloney murine leukemia wus reverse transcriptase) 
5 using standard tediniques (e.g. Kawasaki ( 1 990) in PCR Protocols: A Guide to Methods 
and Applications, Innis et al., cds.. Academic Press, Berkeley, CA pp21-27). 

Sources of nucletc add templates can indude: a) piasmids (naturally 
occurring or recombinant); b) RNA- or DNA- viruses and bacteriophages (naturally 
10 occurring or recombinant); c) chromosomal or episomal replicating DNA (e.g, finom 
tissue, a blood sample, or a biopsy); d) a nucleic add fragment (e.g. derived by 
exonudease, unspedfic endonudease or restriction endonuciease digestion or by physical 
disruption (e.g. sontcation or ndnilization)); and e) RNA or RNA transcripts like 
mRNAs. 

15 

The nuddc add to be amplified and sequenced can be obtained from 
virtually any biological sample! As used herdn, the term "biolo^cal sample** refers to any 
material obtained from any living source (e.g. human, animal, plant, bacteria, fimgj, 
protist, vhus). Examples of ^propriate bioloffcal samples for use in the instant 

20 invention include: solid materials (e.g tissue, cdl pdlets, biopsies) and biolopcal fluids 
(e.g. urine, blood, sa&va, amniotic fluid, mouth wash, spina] fluid). The tuddc add to be 
amplified and sequenced can be provided by unpurified whole cells, bacteria or virus. 
Akernativeiy, the nuddc add can first be purified from a sample udng standard 
techniques, such as: a) cesium chloride gradient centrifiigation; b) alkaline lyas with or 

25 without RNAsc treatment; c) ion exdiange chromatography; d) phenol/chloroform 

extraction; e) isolation by hybridization to bound oligonudeotides; Q gd dectrophoresis 
and ehttion; alcohol predpitation and h) combinations of the above. 

As used herdn, the phrases "duun-elongating nucleotides** and "chain- 
30 terminating nudeotides" are used in accordance with thdr art recognized meaning. For 
example, for DNA, chain-dongating nudeotides indude 2'-deoxyribonudeotides (e.g. 
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dATP, dCTP, dGTP and dTTP) and cham-tenninating nucleotides include 2\ 3 - 
dideoxyribonudeotides (eg. ddATP, ddCTP, ddGTP, ddTTP). For RNA, chsdn- 
dongating nudeotides indude ribonudeotides (c.g,, ATP. CTP, GTP and LTIP) and 
duun-tenninating nudeotides imdude 3'-deoxyribonudeotides (eg. 3'dA, 3*dC, 3'dG and 
5 3*dU). A complete set of chain dongating nudeotides refers to dATP, dCTP, dGTP and 
dTTP, The term "nudeotide" is also wdl known in the art. For the purposes of this 
invention, nudeotides indude nudeodde mono*, di-, and triphosphates. Nudeotides also 
indude modified nudeotides such as phosphorothioate nudeotides and deazapurine 
nudeotides. A complete set of chain-dongating nudeotides refers to four different 
10 nudeotides that can hybridize to each of the four different bases comprismg the DN A 
template. 



If the ampfified sequencing ladders are to be detected by mass 
qiectrometric analy^ it may be usefiil to "condition* nuddc add molecules, for 

15 example to decrease the laser energy required for volatization and/or to nuniroize 

fiagmentation. Conditioning is preferabty performed while the sequendng ladders are 
immobilized. An example of condidonii^ is inodification of the phosphodiester backbone 
of the nuddc add molecule (e.g. cation exdiange), wtuch can be useful for diminating 
peak broademng due to a heterogendty in the cadons bound per nudeotide unit. 

20 Contacting a nucldc add molecule, which contdns an -tluo-nudeodde^triphosphate 
during polymerizaiion with an alkylating agent sudi as al^odide, kxloacecanude, - 
iodoethanol, or 2,3-epoxy«l-propanol, the monothio phosphocUester bonds of a nuddc 
add molecule can be transformed into a phosphotriester bond. Further conditioning 
involves incorporating nudeotides which reduce sendtivity for dquirination 

25 (Augmentation during MS), e.g. a purine analog sudi as N7- or N9-deazapurine 

nudeotides, and partial RNA containing oligodeoxynudeotide to be able to remove the 
unmodified primer firom the amplified and modified sequencing ladders by RNAse or 
alkalme treatment. In DNA sequencing using fluorescent detection and gd 
dectrophoretic separation, the N7 deazapurine nucleotides reduce the formation of 

30 secondary structure resulting in band compression fi-om which no sequendng information 
can be generated. 
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Altemativdy. a target detection site can be directly linked to a solid 
support via a reversible or irreversible bond between an appropriate functionality QJ) 
on the target nuddc add molecule and an appropriate functionality (L) on the capture 
molecule. A reveille linkage can be such that it is cleaved under the conditions of 
mass spectrometry (i.c., a photodeavable bond such as a trityl ether bond or a charge 
transfer complex or a labile bond being formed between rdativdy stable organic 
radicals). Furthermore^ the linkage can be formed with V being a quaternary 
ammonium group, in which case, preferably, the surface of the solid support carries 
negative charges which repd the negativdy charged nuddc add backbone and thus 
facilitate the dcsorption rcqmred for analysis by a mass spectrometer. Desorption can 
occur dther by the heat created by the laser pulse and/or, depending on L/ by specific 
absorption of laser energy which is in resonance with the L* chromophore. 

By way of example, the lAJ chemistry can be of a type of disulfide 
bond (chemically deavable, for example, by mercaptoethanol or dithioerythroO. * 
biottn/streptavidin system, a heterobifimctional derivative of a trityl ether group 
(K6ster e/o/., "A Versatile Add-Labile linker for Modification of Synthetic 
Biomolecules." Tetrahedron Utters IL 7095 (1990)) which can be deaved under 
mikily addic conditions as wdl as under conditions of mass ^ectrometry, a levultnyl 
group deavable under ahnost neutral conditions mth a hydrazinium/aceute buffer, an 
arginme-argimne or lystne-lydne bond deavable by an cndopeptidase enzyme like 
trypsin or a pyropho^hate bond deavable by a pyrophosphatase or a ribonudeotide in 
between a deo^^nudeotide sequence deavable by an RNAse or alkali. 

The functionalities, L and L,* can also form a charge transfer complex 
and thereby form the temporary L-L' linkage. Since in many cases the "charge- 
transfer band" can be determined by UVMs ^)ectrometry (see e.g. Organic Charg e 
Transfgr ComplffXCf? by R. Foster. Academic Press, 1969), the laser energy can be 
tuned to the corresponding energy of the charge-transfer wavdength and, thus, a 
specific desorption off the solid support can be initiated. Those skilled in the art will 
recognize that several combinations can serve this purpose and that the donor 
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functxofiality can be dther on the solid support or coupled to the nucleic add molecule 
to be detected or vice versa. 

In yet another approach, a reverdblc L-L' linkage can be generated by 
S homotytlcally forming relatively stable radicals. Under the influence of the laser pulse, 
desorption (as discussed above) as well as ionization will take place at the radical 
position. Those skilled in the art will recognize that other organic radicals can be 
sdected and that, in relation to the dissociation energies needed to homotytically 
deave the bond between them, a corresponding laser wavdength can be selected (see 
10 eg. Reacrivft Molecules by C. Wcntnip. John Wiley & Sons. 1984). 

An anchoring function V can also be incorporated into a target 
capturing sequence by using appropriate primers during an ampGficadon procedure, 
such as PGR, LCR or transcription ampUficadon. 

15 

For certain iq>pUcations, it may be usefiil to simultaneously amplify and 
chain ternunate more than one (mutated) loci on a particular captured nudeic add 
fragment (on one spot of an array) or it may be useful to perform paraOd procesdng by 
u^g oligonudeotide or oGgonudeotide mimetic arrays on various solid supports. 
20 ^^Multiplexing" can be adueved dther by the se(psence ttsdf (compoation or length) or by 
the intrtxhiction of mass-modifying functionalities into the primer oligonudbotide. Such 
multiplexing is particularly useful m conjunction with mass spectrometric DNA 
sequendng or mobility mocfified gel based fluorescence sequendng. 

2S Without limiting the scope of the invention, the mass or mobility 

modification can be introduced by using oUgoVpolycthylene glycol derivatives. The 
oligo/polyethylene glycols can also be monoalkylated by a lower aUcyl such as methyl, 
ethyl, propyl, isopropyl, t-butyl and the like. Other chemistries can be used in the mass- 
modified compounds, as for example, tiiose described recoitiy in Oligonucleotides and 

30 Analogues^ Afr if F^ f f?! Approach. F. Eckstein, editor lEL Press, Oxford. 1991 . 
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In yet another embodiment, various mass or mobility modifying 
fimctionaltties, other than oUgo/potyethyiene glycols, can be selected and attached via 
appropriate linking chemistries. A simple modification can be achieved by uang difTerent 
alkyi, aiyl or aralk^ moires such as methyl, ethyl, propyl, isopropyl, t-butyl, hexyl, 
S phenyl, substituted photyl or benzyl. Yet another modification can be obtained by 
attaching homo- or heteropeptides to the mideic add molecule (e.g., primer) or 
nudeoside triphosphates. Simple oligoamides also can be used Numerous other 
possibilities, in addition to those mentioned above, can be performed by one skilled in the 
art. 

10 

Differait mass or mobility modified primers allow for multiplex 
sequendng via simultaneous detection of primer-modified Sanger sequencing ladders. 
Mass or mobility modifications can be incorporated during the amplification process 
throu^ nucleoside triphosphates or modified primers. 

15 

For use with certain detection means, such as polyacrylamide gd 
dectrophoreas CP AGE), detectable labds must be used in dth^ the primer (typically at 
the S'-end) or in one of the chain extending nudeotides, or chain terminating nudeotides. 
Using radioisotopes such as "P, or ^S is still the most fiequently used technique. 
20 After PAGE, the gels are exposed to X-ray films and alver grain e}q)osure is analyzed. 

Non-radioactive labeling techniques have been explored and, in recent 
years, integrated into partly automated DNA sequendng procedures. All these 
improvements utilize the Sanger sequencing strategy. The labd (e.g. fluorescent dye) 

25 can be Ugged to the primer (Smith et aL . Nature 22L 674-679 ( 1 986) and EPO 
Patent No! 87300998.9; Du Pont De Nemours EPO Application No. 0359225; 
Ansorge et al J, Biochcm. Biophys. Methods J2. 325-32 (1986)) or to the chain- 
terminating dideoxynudo^de triphosphates (Prober et aL SdfinCfi 238, 336-41 (1987); 
Applied Biosystems, PCX Application WO 91A)5060). Based on either labeling the 

30 primer or the ddNTP, systems have been devdoped by Applied Biosystems (Smith et 
al, Sdmcfi 221 G89 (1987); U.S. Patent Nos. 570973 and 689013), Du Pont De 
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Nemours (Prober e/ai SdfinCfi22S, 336-341 (1987); U.S. Patents Nos. 881372 and 
57566), Phannada-LKB (Ansorge eiaL Nucleic Acids Res IS, 4593-4602 (1987) 
and EMBL Patent Application DE P3724442 and P3805808.1) and Hitachi (JP 1- 
90844 and DE 40 11 99 1 Al). A somewhat similar approach was devdoped by 
5 Brumbaugh et aL (9toc Natl Sci. USA SI 5610-14 (1988) and U.S. Patent No. 
4,729,947), An improved method for the Du Pont system uang two electrophoretic 
lanes with two difTerent specific labels per lane is described (PCT ^plication 
WO92/02635). A different approach uses fluorescently labeled avidin and biotin 
labeled primers. Here, the sequencing ladders ending with biotin are reacted during 
10 electrophoresis vdth the labeled avidin which results in the detection of the individual 
sequencing bands (Brumbaugh et al, U.S. Patent No. 594676). 

More recently even more senative non-radioactive labeUng teduuques 
for DNA using chemiluminescence triggerable and amplifyable by en^mes have been 

IS developed (Beck. OlCeefe, Coull and KOster, Nucleic Adds Res IZ SI 15-5123 
(1989) and Beck and K5ster, Anal Chem §1 2258-2270 (1990)). These labeling 
methods were combined with multiplex DNA sequencing (Church ei al. SfiifiOCfi 240, 
185-188 (1988) and direct blouing electrophoresis (DBH) (Beck and Pohl, EMBO J. , 
Vol. 3 : p 2905-2909 (1984)) to provide for a strategy aimed at high throughput DNA 

20 sequendng (KOster et aL, Nucleic Acids Res Symposium Ser. No 21, 3 1 8-321 
(1991), University of Utah, PCT Application No. WO 90/15883). However, this 
strategy still suffers firom the disadvantage of being very laborious and difficult to 
automate. 

25 In automated sequencing, fluorescence labeled DNA fragments are 

detected during migration through the sequencing gel by laser excitation. 
Fluorescence label is incorporated during the sequendng reaction via labeled primm 
or diain extending nucleotides (Smhh, L. et. al.. Fluorescence detection in automated 
DNA sequence analysis. Nature 321:674-89 1986), (Kmght, P., Automated DNA 
* 30 sequencers. Biotechnology 6:1095-96 1988). 



wo 97/42348 



PCTAJS97/07966 



- 19- 

Multiple distinctly labeled primers can be used to discriminate sequencing 
panems. For example, four differently labeled sequencing primers specific for the single 
termination reactions, e.g. with fluorescent dyes and online detection using laser 
excitation in an automated sequencing device. The use of eight dififerently labded 
S primers allow the discrimination of the sequencing pattern from both strands. Instead of 
labeled primers, labeled ddNTP may be used for detection, if separation of the 
sequencing firagments derived firom both strand is provided. With one biotin labeled 
primer, sequendng fragments fi-om one strand can be isolated for example via biotin* 
streptavidin coated magnetic beads. Possible is also the isolation via immunoaflGuiity 
10 chromatography in the case of a digoxigenin labeled primer or with afiSnity 

chromatography in case of complementary oligonucleotides bound to a solid support. 

Another aspect of this invention concerns kits for directly generating 
from a nucleic acid template, amplified base spedfically terminated fragments. Such 

IS kits include combinations of the above-described reactants. For instance, in one 

embodiment, the lot can comprise: i) a set of chain-dongating nucleotides; ii) a set of 
chain-tenninating nucleotides; and (ui) a first DNA polymerase, which has a relatively 
low affinity towards the chain terminating nucleotide; and Qw) a second DNA 
polymerase, v/bich has a relatively high affinity towards the diain terminating 

20 nucleotide. The kit can also include appropriate solid supports for c^ture/purification 
and buffers as well as instructions for use. 

The present invention is further illustrated by the following examples 
which should not be construed as limiting in any way. The contents of all dted 

2S references Oncluding literature references, issued patents, published patent 

applications Cinchiding mtemational patent application Publication Number WO 
94/1 6101, entiUed DNA Sequencing by Mass Spectrometry by H. Koester, and 
international patent application Publication Number WO 94/21822 entitied "DNA 
Sequendng by Mass Spectrometry Via Exonudease Degradation** by H. KOster), and 

30 co*pending patent applications, (including U.S Patent Application Serial No. 

08/406,199, eniititdDNA Diagnostics Based on Mass Spectrometry by K, Koester), 
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and continuations-in-part of co-pending patent applications (published or unpublished) 
are hereby expressly incorporated by reference. 

Example 1: Direct Nudeic Acid Amplification and Sequencing 

5 

Materials and Vfftfhndf} 

Bacterial Strains and Plasmids 

K coli K12 strains HBlOl and XLl-Bhie (Stratagene, Califoniia) were 
grown in LB broth (Miller, J. (1972) Experiments in Molecular Genetics, Cold Spring 
10 Harbor Laboratory, Cold Spring Harbor, NY.) supplemented with 100 g ampicillinAnL 
(Binotal, Bayer, Germany), DNA-template used for sequendng was a pOM8 derived 
recombinant plasmid (Oberbaumer, L (1986) Gene 49: 81-91 1986) with an 400 BP 
insert from the rmB gene of K coli. The plasmid DNA was purified via Diagen plasmid 
purification tips-100 (Diagen, Hilden, Germany). 

15 

DNA Isolation 

The DNA template used in the sequencing reacdon was isolated according 
to the method described by Bimboim and Doly (Bimboim, RC, and Doly, J. Nuddc 
Acid Res. 7: 1S13-1S23 1979) with the improvements of Ish-Horowiczs and Buiice (Ish- 
20 Horowicz, D., and Burke, JJF. Nuddc Add Res. 9: 2989-2998 1981). 

Sequencing reactions 

A control sequendtig reaction was perfomed in accordance with die 
Perkin-Ehner. AmpliTaq FS kit protocol. 

25 

A combined nuddc add amplification and sequencing reaction was 
performed as follows. The base spedfic reaction mixtures (A, C, G and T, as described 
bdow) each contained a buffered solution of: 0 DNA template; ii) two thermostable 
DNA polymerases, each with a different affinity to the ddNTP; iii) the ddNTP; iv) all 4 
30 dNTPs (Pharmada^ Frdburg, Germany); a pair of sequence specific oligonudeotidc 

primers, one of them labded with a fluorescent dye. The reaction mbcture was overiayed 
with wax. 



wo 97/42348 



PCT/US97/07966 



-21- 

The sequencing reaction was carried out as follows: 

A^reaction: 1 8 M ddATP. 80 M each dATP, dCTP. T-deaza-KlGTP, 
5 dTTP, 500 mM Tris-HC 1 (pH 9.0 at 25'C), 25 mM MgClj containing 1 pmol JOE dye 
primer, thermal stable pyrophosphatase and 1.6 U AmpIiTaq DNA polymerase, FS. To 
this SO ng of the DNA template as prepared above (1 I), 1 U of Taq DNA polymerase (1 
1) and 10 pmol reverse primer (0.5 1) were pipetted. 

10 C^reaction : 4 1 8 M ddCTP. 80 M each dATP, dCTP,.7^eaza-dGTP. 

dTTP, 500 mM Tris-HCl (pH 9.0 at 25*C), 25 mM MgClj containing Ipmol FAM dye 
primer, thermal stable pyrophosphatase and 1.6 U AmpHTaq DNA polymerase, FS. To 
this 50 ng of the DNA template (1 IX 1 U of Taq DNA polymerase (1 1) and 10 pmol 
reverse primer (0.5 O^^^P^P^^- 

15 

G-reaction : 8 18 MddGTP,80 M each dATP, dCTP, 7-deaza-dGTP, 
dTTP, 500 mM Tris-HCl (pH 9.0 at 25"C) 25mM MgCIj containing 1 pmol TAMRA dye 
primer, thermal stable pyrophosphatase and 1.6 U AmphTaq DNA polymerase, FS. To 
this 50 ng of the DNA template (1 I), 1 U of Taq DNA polymerase (1 I) and 10 pmol 
20 reverse iHlmer (0.5 1) were pipetted. 

T-reaction : 8 1 8 M ddTTP, 80 M each dATP. dCTP. 7-deaza-dGTP, 
dTTP. 500 mM Tris-HCl (pH 9.0 at 25^Q, 25mM MgClj containing 1 pmol ROX dye 
primer, thermal stable pyrophosphatase and 1.6 U AmpIiTaq DNA polymerase, FS. To 
25 this 50 ng of the DNA template (1 0» J U of Taq DNA polymerase (1 ^1) and 10 pmol 
reverse primer (0.5 1) were pipetted. 



30 



The incubation conditions included an initial denaturation step of 4 min. 
95'C, followed by 15 cycles of 30 sec. 95T. 30 sec. 52"C, 60 sec. 72X. The reaction is 
completed by additional 15 cycles of 30 sec. 95'C, 30 sec. 52'C, 60 sec. 72*0. 
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The reaction mixture was separated from the wax by pipetting and ethanol 
precipitated. The samples were run on an automated ABI prism sequencer modei 377. 



S RESin.TS 

As can be seen from Figures I and 2, while the combined amplification 
and sequencing reaction yielded a 440 BP readable sequence with IS ng. of template 
DNA (Figure 1), no sequence data was obtained emplo^g the same amount of template 
10 DNA and u^ng the standard cycle sequendng protocol (Figure 2). 

Example 2: Direct Nucleic Acid Amplificatioa and Sequencing 

A combined nucleic acid amplification and sequendng reacdon was 
performed as follows. The reacdon contained a buflfered solution of i) DNA template, 
IS a) two thennostable DNA polymerases, each with a different afiBnity for the ddNTP; tti) dye- 
labded ddNTP; iv) all 4 dNTP s ^haimada, Freibuig. Germany); a pair of sequence specific 
oligonucleotide primers, one of them labeled with a biotin group. 



Combined amplification and sequencing protocol using two DNA 

20 polymerases, 

4ng (1 nO of p9G551D (pUC-dcrivative harbouring a 419 BP insert from 
human mutant CFTR gene) was subjected to sequendng by adding 4 |il of S x TAGS 
buflFer, 0.5 \x\ of each dye ddNTP solution, I pi dNTP mix (SmM dATP, dCTP, dTTP 
and 10 mM N' deaza dGTP). 1 nl AmpliTaq FS, 0.75 U (0.3 jil) (exo-) Pfu polymerase 

25 and 40 pmol of each of the standard M13 primers (for sequence see above) to a final 
volume of 20 jil. The cycling profile comprised one cycle of 95**C for 4 min,, 20 cycles 
of 95*0 for 45 sec, 52^0 for 45 sec and 72'C for 45 sec. followed by 28 cycles of 96*C 
for SO sec» 55 "^C for 60 sec and 60'*C for 4 min. The reaction was carried out using an 
^pendorf Mastercycler 5330 with a heated lid. 



Separation of the forward and reverse sequencing fragments. 
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The reaction was mixed with an equal volume of 2x B/W-buffer (lOmM 
Tris-HCl. pH 7.5. ImM EDTA. 2 M NaQ) containing 30O of prewashed strcpuvidin 
M-280Dynabeads(DynaI). After incubation for 30 min. at room temperature the beads 
were washed twice with SO pi of Ix B/W buffer in order to remove unwanted reaction 
components and unincorporated dye terminators. 

The reverse sequencing products were recovered from immobilized 
biotinylated forward products by addition of 20 pi of a 20% aqueous ammoiuum 
hydroxide sohition (freshly prepared) and inqubation at room temperature for two 
minutes. This step was repeated once the products were pooled. 

The beads were then washed with 20 |il 25% aqueous ammonium 
hydroxide solution for one minute at room temperature and the supernatant was 
discarded. 

The forward sequencing reaction was removed from the beads using 30 pi 
of a 25% aqueous ammonhim hydroxide solution and incubation at 60*C for 8 minutes. 
This step was also repeated once and the products were pooled. 

The separated fonvard and reverse sequencing reactions were finally 
precipitated each by addition of 200 pi ethanol to the anmionhim hydroxide solution, 
resuspended in 4 pi loading dye (5: 1 ratio of ddonized formamide to 25mM EDTA (pH 
8.0) /50 mg/ml Blue dcxtran) and analyzed with an ABI Prism sequencer (model 377), 

RESULTS 

Figure 4 and 5 depict the fluorescent chromatogram plots of a forward 
(Fig. 4) and reverse (Fig. 5) sequence ladder generated in a simultaneous amplification 
and sequendng reaction. In this escperiment 1 .5 units of Tag polymerase were added to a 
dye terminator qrclc sequencing mix containing AmpliTaq FS, and only 4 ng of plasmid 
DNA, a biotm^ated forward primer and a reverse primer. After the cycling reaction. 
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btotin^ated forward sequencing products and reverse products hybridized to the forward 
template were immobilized on strq)tavidin coated magnetic beads. A separation of 
reverse and forward sequendng ladders was achieved by incubation of the beads with 
ammonium hydro)dde. Ammonium hydroxide acted as a denaturing agent for double 

5 stranded DNA at room temperature, therefore releasing the reverse sequencing products 
in the solution. The biotinylated products remained bound to the strq)tavidin, whereas 
the reverse products were removed with the supernatant. A recovery of the biotinylated 
products was canried out udng ammonhim hydroxide at an incubation temperature of 
eO^'C, At eievated temperature, anunoiuum hydroxide act^ as a denaturing agent for 

10 the streptavidin biotin interaction. The thus separated sequendng ladder^ were then 
ethanol predpttated and separately analyzed on a ABI Prism sequencer. 
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Egnivaiciits 



Those skilled in the art will recognize or be able to ascertam using no 
more than routine experimentation numerous equivalents to the spedfic procedures 
5 described herein. Such equivalents are considered to be within the scope of this mvention 
and are covered by the following claims. 
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Claims 

1< A kit for obtaining an^lified and chain tenninated mideic add molecules 

from a nucidc add template comprising: i) an appropriate amount of a set of chain- 
dongating nudeotides; ii) an appropriate amount of at least one chain-terminating 
nudeotide; iii) an appropriate amount of a first polymerase, which has a rdativdy low 
affinity towards at least one chain terminating nudeotide; and iv) an appropriate amount 
of a second polymerase, which has a rdativdy high affinity towards at least one chain 
terminating nucleotide. 

2. A kit of daim 1 . which additionally comprises a restriction enzyme that 

can deave the primer. 



3- A kit of daim 1, wherein the first and second polymerases are 
1 5 thennostable DN A polymerases. 

4- A kit of daim 3, wherein the thennostable DNA polymerases are sdected 
fi-om the group consisting of: Taq DNA polymerase, AmpltTaq FS DNA polymerase. 
Deep Vent (cxo ) DNA polymerase. Vent DNA polymerase. Vent (cxo ) DNA 

20 polymerase and Deep Vent DNA polymerases, Thermo Sequenase, cxo(-) Pseudococcus 
fiiriosus iPJu) DNA polymerase, AmpltTaq, Ultman, 9 d^ee Nm, Tth, Hot Tub, 
PynKOCCusfiiriosus (Pfii), and Pyrocoaats woesei (Pwo) DNA polymerase. 

5. A kit of daim 1, wherein the set of chain-dongating nudeotides are 

25 sdected fi-ora the group consisting of i) at least one deoxyadenosine triphosphate; ii) at 
least one deoxyguanosine triphosphate; iii) at least one deoxycytidine triphosphate; and 
iv) at least one thymidine tripho^hate. 



30 



6. 

isanN7- 



A kit of daim S, wherdn the deoxyadenosine and/or the deoxyguanosine 
or N9- deazapurine nudeotide. 
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7. A Idt of daim 1 . wherein the chain tenninating nucleotide is selected from 

the group con»sting of: 2*,3'-dideo}9adenosine triphosphate, 2\3*-dtdeoxyguanostne 
triphosphate* 2\3*-dideoxycytidine triphosphate* 2'.3'-dideoxytl9inidine triphosphate. 

S 8. A kit of claim 1* vdiich additionally includes at least one primer. 

9. A Idt ofdaim 8. i^erein the primer is linked to a solid support 

10. A kit of claim 9, wherein the solid support is sdected from the group 
10 conasttng of beads, capillaries, flat supports, membranes and wafers. 

11 A Idt of daim 9, wherein the primer contains a restriction site or a 

ribonudeotide. 

IS 12. A kit of daim 8, wherein the primer is weight modified. 

13. A kit of claim 8, wherein the primer is mobility modified. 

14. A kit of daim 7^ wherdn at least one ddNTP is weight modified. 

20 

13. A Idt of claim 1, which additionally comprises a proofreading DNA 

polymerase. 

16* A kit of daim 1, which additionally comprises a reverse tnuiscriptase. 

25 

17. ' A process for amuitaneousiy amplifying and sequencing a single 

stranded nucldc add molecule* comprising the steps of: 



30 



a) contacting the single stranded nuddc add molecule with: i) at least 
one primer that can hybridize to the template, 00 a set of dudn 
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elongating nucleotides, (ni) at least one chain terminating nucleotide, 
Ov) a first DNA polymerase, which has a rdatively low aflinity towards 
the chain terminiating nucleotide; and (v) a second DNA polymerase, 
whidi has a rdativdy high affinity towards the chain tenninating 
5 nucleotide, so that polymerization by the first polymerase results in 

amplification and polymerization by the second polymerase results in the 

formation of chain terminated fragments; 

b) detecting the chain tcnninated fiagmcnts by an appropriate detection 
10 means; and 

c) aligning the fragments by mobility or molecular weight to detennine the 
sequence of the DNA template. 

J 5 18. A process of clann 17, wherein the first and second polymerases are 

thermostable DNA polymerases. 

19- A process of claim 12, wherein the set of cham-dongating nucleotides are 

selected firom the group consisting of: i) at least one deo^^adenosine triphosphate; ii) at 
20 least one deoxyguanosine triphosphate; iii) at least one deoxycytidine triphosphate; and 
iv) at least one thymidine triphosphate. 

20. A process of claim 19, wherein the deoT^adeiiosine and/or the 

deoxyguanosine is an N7- or N9- deazapurine nucleotide. 



25 



21. A process of daim 17, wherdn the chain tenninating nudeotide is selected 

from the group consisting of 2',3'-dtdeoxyadenodne triphosphate, 2',3'-dideoxyguanosine 
triphosphate, 2*.3*-dideoxycytidine triphosphate, 2',3'-<lideoxythymidine triphosphate. 
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22, A process of daim 17, vrficrcin the detection means is a sqjaration means 

seleaed from the group consisting of: polyaoylamide gd dectrophore^s, axillary zone 
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dectrophoreas and mass spectrometry in conjunction with a visualization means selected 
from the group conristing of: colorimetry, fluorimetry, chemiluminescence, radioactivity 
and mass spectrometry. 



5 23, 



A process of daim 17. wherein the detection means is mass spectrora^. 



24. A process of daiin 23, wherein the mass spectromrtry is performed 
using an ion source sdected from the group consisting of: mauix assisted laser 
desorpdon loinzation (MALOI), dectrospray (ES), lonspray, thermospray and 

10 massve duster impact; and the detection format is sdected from the group conasting 
of: time-of-fG^; quadrupole, magnetic sector, Fourier transform ion qrdotron 
resonance and ion trap. 

25. A process of daim 1 7. v^ierdn the double stranded DNA molecule has 
15 been synthesized fh>m RNA udng a reverse transcriptase. 

26. A process of daim 17, wherein the primer is linked to a soGd support. 

27. A process of daim 26, wheran the solid support is sdected from the 
20 group consisting of: beads, c2V)tllaries» flat supports, membranes and wafers. 

28. A process of daim 26, wdierdn the primer contains a restriction site or a 
ribonudeotide. * 

25 29. A process of daim 26, wiierdn the primer is weight modified. 

30. A process of daim 26, wherdn the primer is mobility modified. 



31. 



A process of daim 26, wherdn at least one ddNTP is wdght modified. 
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32. A process of claim 17, which additionally comprises a proofreading DNA 
polymerase. 

33 . A process for simultaneously amplifying and sequencing a nuddc add 
S molecule, comprising the steps of: 

a) denaturing a double stranded DNA molecule at an appropriate 
temperature and for an appropriate period of time to obtain two 
complementary ^gle stranded DNA molecules; 

10 

b) contacting at least one of the single stranded DNA molecules with a 
complementary primer at an appropriate temperature and for an 
appropriate period of time to obtain at least one primer containing single 
stranded DNA molecule; 

15 

c) contacting the at least one primer containing single stranded DNA 
molecule at an appropriate temperature and for an appropriate period of 
time with: (i) & of duun dongating nudeotides» Qi) at least one chain 
terminating nudeotide, (iiO a first DNA polymerase, which has a relatively 

20 low affinhy towards the chain terminating nudeotide; and (iv) a second 

DNA polymerase, which has a rdativdy high affinity towards the chain 
tmninating nudeotide, so that polymerization by the first polymerase 
results in amplification and polymerization by the second polymerase 
results in the formation of chain terminated fiagments; 

25 

d) repeating steps a) through c) for an appropriate number of 
times to obtain a suf5dent amount of chain terminated fragments for 
detection; and 



30 



e) detecting the chain terminated fragments by an appropriate detection 
means and afigning the fragments by molecular wdght to determine the 
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sequence of the DNA template. 

34. A process of daim 33, wheran the first and second polymerases are 
thermostable DNA polymerases. 

5 

35. A process of claim 33, wherein the set of chain-elongating nucleotides are 
selected firom the group consisting of: i) at least one deoxyadenosine triphosphate; ii) at 
least one deoxyguanosine triphosphate; iii) at least one deoxycytidine tripho^hate; and 
iv) at least one thymidine triphosphate. 

10 

36. A process of claim 35. wherein the deoxyadenosine and/or the 
deoxyguanosine is an N7- or N9- deazapurine nucleotide. 

37. A process of claim 33, wherein the chain terminating nucleotide is selected 
15 fix>m the group consisting of: r,3*-dideo)qradenosine triphosphate, 2*,3*-dideoxyguanosine 

triphosphate, 2',3*-dideoxycytidine triphosphate, 2',3'-did60xythymidine triphosphate. 

38. A process of daim 33, wherein the detection means is a separadon means 
selected fi-om the group consisting of: polyaoytamide gd dectrophoreas, capiOaiy zone 

20 dectrophorests and mass spectrometry, in conjunction with a visuaGzation means sdected 
fi'om the group conssting of : colorimetiy, fluorimetiy, chemiluminescence, 
radioacdvity, and mass spectrometiy. 

39. A process of daim 33, wherein the detection means is mass 
25 spectrometry. 

40. A process of daim 39, wherdn the mass spectrometry is performed u^g 
an ion source sdected from the group consisting of: numix assisted laser desorptton 
ionization (MALDl), electrospray (ES), ionspray, thermospray and massive duster 

30 impact; and the detection format is sdected from the group consisting of: time-of-flight; 
quadnipole, magnetic sector, Fourier transform ion cydotron resonance and ion trap. 
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41. A process of daim 33, wherein the double stranded DNA molecule has 

been synthesized from RNA using a reverse transcriptase. 

5 42. A process of datm 33, wh^ein the primer is linked to a solid support. 

43. A process of ddim 42, vdierein the solid support is selected from the 

group consisting of beads, capillaries, flat supports, membranes and wafers. 

10 44. A process of claim 33, wherein the primer contains a restriction or a 

libonucleotide. 

4S. A process of claim 33, wherein the primer is weight modiBed. 

1 S 46. A process of daim 33, wherdn the primer is mobility modified. 

47. A process of claim 33. wherein a ddNTP is wdght modified. 

4S. A process of daim 33, which additionally comprises a proofireading DNA 

20 polymerase. 
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